anxiety, panic, borderline personality features, drug abuse, and loss of control over food intake. Conclusions: The findings suggest that working memory and sustained attention decrements do exist among overweight/obese adolescent girls. The reliable detection of the decrements may depend on the difficulty of the tasks as well as the manner in which performance and brain activity are measured. Future studies should examine the relevance of these decrements to dietary education efforts and treatment response.
Introduction
The typical consumer has been presented with a massive array of data describing the caloric and nutritional content [1, 2] of food, 'new' weight loss strategies [3] , 'functional' foods [4] , and gimmicks. Apart from the burden that this abundance brings to bear on the motivational state of a consumer who wants to lose weight, there is also a significant cognitive burden. Indeed, there appears to be an assumption that the overweight or obese consumer has supranormal skills in the cognitive domains of problem solving (e.g. calorie counting), attention, and working memory.
Unfortunately, this assumption about the skills of the typical overweight or obese consumer is inconsistent with the evidence. On intelligence tests, which are a global measure of cognitive function, the average score of overweight/obese adolescents is slightly lower than the average score of their normal-weight peers [5] . Other studies have found evidence of decrements in specific functional domains. One domain of particular interest is response inhibition because it has an intuitively obvious connection to the cognitive control of behaviors, such as eating and overeating, and problem solving [6] . Indeed, the literature contains many reports of below-average scores on response inhibition tests, such as the Stroop [7] [8] [9] [10] [11] [12] and Go/NoGo [11, 13, 14] . These reports are buttressed by evidence in the neuroimaging literature showing that overweight or obese subjects exhibit decrements in brain structure or brain activation in frontal regions influencing this cognitive domain [8, 9, [14] [15] [16] [17] [18] .
Unlike the response inhibition decrements, decrements in other executive cognitive domains are rarely found among overweight/obese adolescents [6] . Modest decrements in working memory have been demonstrated in some studies but not in others [16, [19] [20] [21] . Also, impairments in sustained and divided attention have been shown inconsistently [16, 22] . In part, the failure to detect group differences may be an artifact of the difficulty level: the tasks (e.g. Digit Span, Trails A, and similar memory and attention tasks) typically used to index these domains are not sufficiently challenging to a neurologically normal subject. To address this limitation, we administered versions of working memory and sustained attention tasks that were unusually difficult.
The present study was also unusual in examining electroencephalographic (EEG) activity during the sustained attention task and quantifying this activity in a unique manner. Unlike other investigations that have examined EEG spectral band power averaged over time [23] [24] [25] [26] , we focused on intraindividual variability and the range in spectral power across the task period. This focus on intraindividual variability derives from a theory which interprets, for example, the maximum in beta band power as an indication of a brief, supranormal, compensatory effort triggered by the awareness of waning attention. In contrast, the theory views the minimum in beta power as an indication of waning attention unaccompanied by compensatory effort. It was accordingly hypothesized that the difference between the maximum and minimum would capture and better estimate individual differences in the EEG and behavioral correlates of impaired attention than the mean level.
The last notable contribution of the present study was its examination of psychological and psychiatric risk factors [27] [28] [29] [30] implicated in a persistent course of obesity. Admittedly, questions about obesity persistence from adolescence to adulthood could be better addressed with a longitudinal design. But, in the absence of such a design, demonstrating an association of these psychological or psychiatric risk factors with task performance or EEG variables provides some insight into the relevance of the latter variables to a persistent course.
Methods

Participants and Procedures
Adolescent volunteers were recruited indirectly by contacting parents through posters, direct mail solicitations, and newspaper advertisements. These advertisements mentioned weight management problems, risk-taking tendencies, conduct problems, or a family history of risk-taking or drug/alcohol abuse as potential qualifiers. Similar advertisements were used to appeal directly to the adolescent population. Each interested volunteer (n = 183) and one of her biological parents were asked to call a research assistant for additional information and eligibility screening. Volunteers (n = 158) who reported no past or current pregnancy, psychosis, or major medical disorders (HIV, thyroid disease, seizure disorder, heart disease, hearing loss, uncorrected visual impairment) that would complicate body weight or EEG activity during the telephone and in-person interviews were deemed eligible and became participants in the protocol. They were paid for their time and effort.
Informed consent, HIPAA, and medical release documents approved by the university's Institutional Review Board were reviewed and signed by the participant and parent on the day of data collection. On that day, the parent completed a questionnaire reviewing the child's health history as well as a separate questionnaire that inquired about obesity, alcohol/drug dependence, and hypertension among first-and second-degree relatives. The participant completed several questionnaires assessing constructs with documented relevance to overeating or obesity. These measures were the Barratt Impulsiveness Scale (BIS-11) [31] , Toronto Alexithymia Scale (TAS) [32, 33] , Borderline Symptom List (BSL) [34] , and the Revised Questionnaire of Eating and Weight Patterns (QEWP-R) [35, 36] . Other questionnaires and interviews were administered for the purpose of describing the general background characteristics of the sample. These included a modified Drug Abuse Screening Test (DAST) [37] , the computerized Diagnostic Interview Scale for DSM-IV [38] , and the 90-day Timeline Followback Interview for alcohol and drugs [39] .
Height and weight were measured for each participant with a stadiometer (Health-o-meter TM ; McCook, Ill., USA). In addition, skinfold thickness was measured over the right and left triceps with calipers (Lange calipers, QuickMedical, Issaquah, Wash., USA) to provide a second measure of adiposity. The absence of recent cigarette use was verified with a breath carbon monoxide monitor (Vitalograph Inc., Lenexa, Kans., USA). Also, two saliva samples were collected. The first sample was used for same-day drug toxiWorking Memory 45 cology screening. The second sample was preserved for DNA extraction and genetic analyses to be performed at a later time.
Neurophysiological and Cognitive Task Procedures
Prior to the administration of the working memory and sustained attention tasks, Ag/AgCl EEG electrodes were applied to 64 scalp sites positioned by an electrode cap. A reference electrode was taped to each earlobe. A ground electrode was applied to the middle of the forehead. Interelectrode impedances were maintained below 10 kΩ.
After the electrodes were applied, the participant was escorted into a sound-shielded chamber and seated in a comfortable chair facing a 14-inch computer monitor. The monitor was used for the presentation of visual stimuli. A panel with two response keys and a computer mouse were also placed in front of the participant.
The working memory task was self-paced and presented on the computer monitor over 23 trials. Each trial began with the simultaneous presentation of 3-7 visual objects scattered across 12 possible locations within a 3 × 4 grid. The participant was asked to commit the spatial locations of the objects to memory. When the memorized stimulus was removed after 5 s, it was replaced with an empty 3 × 4 grid, and the participant was asked to click the mouse in the grid locations where she previously saw an object. The software (Stim2; Compumedics/Neuroscan, Charlotte, N.C., USA) allowed her to change her guesses before she selected the icon to advance to the next trial. No feedback about performance accuracy was provided.
The attention task was comprised of 400 trials presented over an uninterrupted 13.3-min period. On each trial, either a white noise burst or a 500-Hz pure tone, 75 dB SPL in intensity, was presented for 50 ms through foam-cushioned tubes inserted in the ear canals. The intertrial interval was 2,000 ms. The participant was instructed to ignore the frequently occurring noise burst (p = 0.8) and attend to, and press a response key to acknowledge, the rarely occurring pure tone (p = 0.2).
During the attention task, the EEG was recorded from 64 electrodes placed across the scalp. Eye blinks and eye movements were also recorded using a pair of electrodes placed diagonally above and below the left eye. The EEG and eye movement signals were appropriately amplified (gain = 10 K), routed to an analog-to-digital converter, and sampled at a rate of 500 Hz. EEG activity was not examined during the working memory task because the numerous hand and eye movements elicited by the task contaminated the recording and could not be effectively removed.
During off-line computations, the EEG record was filtered (band pass = 1-40 Hz, 24 dB/octave roll-off, no phase shift), and segmented into 4,096-point nonoverlapping epochs (n = 101) of 8.19 s in duration. A linear regression algorithm implemented in Scan software, version 4.4 (Compumedics/Neuroscan) was used to remove eye movement and eye blink artifacts from each epoch. The corrected epochs were separately processed through a Hanning window and a Fourier transform. The epochs were then averaged within each of nine 81.9-second periods spanning the task to create a summary power spectrum for each period.
For each of the 9 periods during the attention task, relative power was calculated within delta (0-3.7 Hz), theta (3.9-7.8 Hz), alpha (7.9-12.8 Hz), and beta (12.9-29.7 Hz) frequency bands. The analysis focused on electrode sites at which relative power was maximal within the bands of interest: Fz beta power, Cz theta power, and Pz alpha power. Activity in the delta band was not analyzed because activity within this band is not a significant or reliable feature of the EEG of an awake, healthy subject. When it is present, it is more likely an artifact of movement or lead sway than a genuine reflection of brain activity.
Analysis Plan
The analysis began with a MANOVA which screened for the presence of conjoint differences across all of the continuous measures listed in tables 1 and 2 and thereby offered protection against the multiple comparison problem. Univariate ANOVAs were performed for the listed measures if and only if the MANOVA F statistic was significant at an alpha level less than 0.05. The grouping factors in the MANOVA were body mass index percentile (BMIP) status relative to the 85th percentile and race/ethnicity. A BMIP ≥ 85, adjusted for age and sex, is the US Center for Diseases Control's definition of an at-risk-for-overweight body mass.
Another set of analyses included performance and EEG measures found to be significant in the prior analyses. Partial correlations, adjusting for age and race, were computed between these performance and EEG measures and a dimensional measure of adiposity, triceps skinfold thickness, which is not distorted by muscle weight as is the BMI. Partial correlations were also computed to test the association of selected performance and EEG measures with psychological or psychiatric factors previously implicated in obesity maintenance or obesity progression.
Results
The multivariate test for the statistical effect of the BMIP group was significant (Wilks' Lambda = 0.44, F 24, 133 = 7.04, p < 0.001). Including race/ethnicity and age in the MANOVA did not change the effect of BMIP. Accordingly, these factors were not examined in the univariate ANOVAs. 
Task Performance and EEG Spectral Power
Univariate ANOVAs of the dependent measures listed in table 2 revealed reliable group differences across several measures. Statistically significant effects of BMIP were detected for the proportion of trials with correct responses (F 1, 156 = 5.73, p = 0.018) and false alarms (F 1, 156 = 5.10, p = 0.025) during the visual working memory task. Adolescent girls with a BMIP ≥ 85 recalled fewer object locations correctly and executed more erroneous guesses about object locations than their peers with a BMIP <85. During the sustained attention task, girls in both groups exhibited a similar number of correct and incorrect responses, and similar reaction times. It was only through an examination of performance variability that group differences were discovered. Girls with an elevated BMIP were more variable in reaction time (F 1, 156 = 5.27, p = 0.02) over the course of the task than girls in the comparison group. The groups did not differ significantly in mean reaction time (F 1, 156 = 3.09, p = 0.08). The increment in the group difference (the effect size) associated with the test of variability versus the test of the mean was modest: partial η 2 = 0.033 -0.019 = 0.014 or 1.4% of the variance. In the analysis of relative beta power, a similar though less obvious pattern was seen (compare the top panels of fig. 1 and 2 ). The group difference in intraindividual variability (F 1, 156 = 5.82, p = 0.017) was modestly greater than the group difference in the mean (F 1, 156 = 4.06, p = 0.045). The added value, or increase in the effect size (partial η 2 = 0.036 vs. 0.025), associated with the test of intraindividual variability in frontal beta power was 0.011 or 1.1% of the variance. No significant group differences on other EEG or performance measures were detected.
Regression Analyses
To provide converging evidence of an association between excess adiposity and the performance and EEG differences shown by the ANOVAs, a selected set of correlations were computed with triceps skinfold thickness as a replacement for BMIP. Age-and race-adjusted correlations are presented in table 3 .
Tests of the correlations of triceps skinfold thickness with performance accuracy measures from the working memory task were statistically significant (hit rate: r = -0.182, p = 0.02; false alarm rate: r = 0.183, p = 0.02). The Table 4 shows correlations of selected performance and EEG variables with psychological and psychiatric risk factors for adult obesity. The only variable consistently related to psychological or psychiatric problems, and therefore likely related to maintenance or progression of weight control problems, was beta power averaged over the vigil. It was significantly correlated with binge eating, bulimia, panic, and generalized anxiety disorders, as well as symptoms of borderline personality disorder and drug abuse.
A final set of correlations were computed between beta power averaged over the vigil and the disorders and problems just mentioned. These correlations partialed out the statistical effect of skinfold thickness and therefore attempted to resolve the question of adiposity as a likely cause of the elevation in beta power or a proxy for a neuropsychological disturbance that affects beta power. The findings of these analyses support the latter interpretation. Most of the correlations remained significant when this measure of adiposity was controlled: binge eating disorder (r = 0. 
Discussion
The present study was designed to detect decrements in two cognitive domains among adolescents with excess adiposity. To reveal the decrements, we presented attention and working memory tasks that were unusually challenging. During the working memory task, for example, adolescents were asked to memorize and recall, on each trial, the spatial locations of 3-7 visual objects scattered across 12 possible locations. During the sustained attention task, they were asked to remain vigilant for 13.3 min and detect a rarely occurring auditory stimulus embedded within a series of background stimuli.
The result of the challenge was the detection of decrements that have not been consistently found in other studies employing simpler tasks [9, 16, 20] . For example, during the working memory task, adolescent girls with excess adiposity emitted more omission and commission errors than their normal-weight peers. This performance decrement was also evident in analyses using a dimensional (triceps skinfold thickness; table 3 ) indicator of overweight/obesity.
The findings from the auditory sustained attention task were more novel and interesting than those from the working memory task. It is particularly interesting that the range in reaction time across periods of the task was modestly better (partial η 2 = 0.033) than the mean reaction time (partial η 2 = 0.019) as an indicator of behavioral differences between the groups ( table 2 ) . The results similarly showed that the range in EEG beta power was marginally better than mean beta power as a predictor of both triceps skinfold thickness ( table 3 ) and BMIP group  membership ( table 2 ) . We should note that we considered standard deviation as an alternative to the range. However, we were concerned that the standard deviation would assign excess weight to uninformative periods wherein task performance and EEG activity were stable.
Our demonstration of the modest superiority of a measure of variability versus a measure of central tendency is not new. Performance variability has recently become popular in studies of healthy aging [40, 41] and attention-deficit/hyperactivity disorder (ADHD) [42] . The explanation for its popularity is most likely tied to the fact that the cognitive impairments seen in these groups are not severe. Participants with these issues often retain the ability to mobilize additional cognitive resources to maintain normal performance for the majority of the task period. Accordingly, their mean performance level does not reflect their subtle cognitive impairment as well as their variability in performance.
In the present study, participants in the BMIP ≥ 85 group demonstrated an elevation in EEG beta power ( fig. 2 , top panel) that was sustained across task periods. One could interpret the elevation as an indication of compensatory effort or the mobilization of additional cognitive resources described above. Alternatively, one could view it not as a response to the challenges of the task but as a trait. The demonstration in this study of a significant association of enhanced frontal beta power with stable characteristics, such as borderline personality symptoms and panic and anxiety disorders, and with GABRA2 genotype in other studies [43, 44] , supports this view of elevated beta activity as a trait ( table 4 ) . Its association with stable characteristics suggests that it may predict a course of overweight/obesity that is likewise stable.
Conclusions
The present findings should not simply be viewed as a further description of the cognitive problems present in overweight/obese adolescents. Instead, the findings should be considered in the context of a larger discussion about obesity prevention and treatment. Given the disappointing success rate of lifestyle interventions for weight loss [45] and weight loss maintenance [46] in both adoles-cents and adults, one feels compelled to ask a question that was suggested in the introduction to this article. That is, if we assume that working memory and sustained attention decrements are present among many overweight/obese patients, then why would we expect a lengthy and complicated message to these patients about calorie counting, functional foods, and lifestyle changes to be successful? To the degree that these impairments are prevalent and severe, one might consider a redesign of weight loss interventions to compensate for them. In a redesigned intervention, it may be wise to reduce the amount and complexity of information to accommodate the working memory problem, and deliver it in an interesting manner to address the sustained attention problem.
